Introduction
Depression is among the most frequent mental disorder after stroke, with an estimated prevalence of 30% [1] . Due to its high frequency and a presumed specific etiology, a proper term has been coined for the phenomenon: poststroke depression (PSD). Counted among the major malign long-term sequelae of stroke, PSD is associated with prolonged recovery [2] and an increased risk of recurrent and fatal stroke [3] .
The frequency of PSD increases in lockstep with stroke prevalence. Due to demographic changes, the number of stroke events in Europe is projected to increase from 1.1 million per year in 2000 to 1.5 million in 2025 [4] . Thanks to advances in emergency medicine and acute care, the number of stroke survivors has consistently increased over the past 3 decades [5] . Currently, two thirds of all cases survive stroke, yet half of these survivors suffer from persisting impairment [6] . In one third of the survivors, quality of life is additionally reduced by a depressive disorder [7] .
Despite these facts, our knowledge about PSD is still fragmentary. Research is complicated by long periods of incidence amounting up to 2 years after stroke, by intermittent exacerbation of PSD, and by changes of care providers when proceeding from acute to stationary or ambulant care [8] . However, these obstacles are not unique to PSD, but shared by many psychiatric complications of chronic or life-threatening diseases, e.g. in multiple sclero-sis or cancer, and should not prevent us from developing procedures for early identification and effective treatment. A pathogenetic model involving the whole period of incidence is the starting point for this endeavor. The present paper will review pathogenetic models proposed in the 1980s and 1990s. Based on these earlier approaches and on longitudinal research published since that time, a twophase model is proposed that reflects the current knowledge about the emergence of PSD. Finally, possible implications of the model are outlined for research and practice.
Dualistic Models of the PSD Pathogenesis
Early concepts of PSD were oriented towards a dualism of organic and 'endogenous' psychiatric disease ( fig. 1 ). Based on the findings of their pioneering longitudinal study, the Baltimore research group postulated two different syndromes [9, 10] . A mild depressive syndrome similar to the DSM-IV diagnosis 'minor depression' was thought to be related to organic factors and to persist as a chronic 'poststroke depression' condition after 2 years. In contrast, a more severe initial syndrome similar to 'major depression', associated with lesions in the left frontal cortex and underlying basal ganglia, was thought to be temporary or 'reactive' and to disappear within 2 years after stroke. This dual syndrome hypothesis was challenged by later prospective longitudinal research, revealing a considerable number of cases with persisting major depression or short-lived minor depression syndromes as well as later onset of major depression [11, 12] .
Later concepts of PSD rather focused on the sequential evolvement of PSD in different critical periods within 2 years after stroke [13] . Herrmann and Wallesch [14] related these stages to the three typical rehabilitation phases: acute, postacute, and chronic phase (after discharge). They proposed that in the acute phase after stroke, PSD would be related to primary factors, such as premorbid disposition, lesion site, and configuration. Later on, during postacute rehabilitation, when the patients realize that their impairments may be long-lasting or even permanent, secondary psychological factors, such as coping style, would gain in importance. After discharge from the rehabilitation center, reintegration into the social environment, involving a change of roles from being a patient to being 'disabled', was proposed as the tertiary factor that might trigger depression. Despite the distinction of three phases, the dualism of 'organic' and 'psychosocial' factors was kept by the model, as the authors proposed a progression from organic to psychosocial risk factors that could trigger PSD.
Gainotti et al. [12] tested the central predictions of both models in their longitudinal study sample. First, they found that the symptom profiles of patients classified as having PSD were very similar at 2, 4, and 6 months after stroke, but differed from a control sample with major depression without stroke. In PSD patients, symptoms of anxiety, catastrophic reactions, hyperemotionalism, and diurnal mood variations were more frequent, whereas in the 'nonorganic' major depression sample, depressed mood, guilt feelings, and suicidal thoughts were more frequent. This finding argued against the two-syndrome hy- 
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Conflicting evidence e.g. Gainotti et al. [11, 12] pothesis. As a second finding, Gainotti et al. [12] found no significant relationship between lesion location, presence of PSD, and time elapsed since stroke, which was not in line with the assumptions of the model of Herrmann and Wallesch [14] .
Review of Prospective Longitudinal Research
Our review of the literature involved prospective longitudinal studies available in the MEDLINE and PUBMED databases between 1987, the year in which the first longitudinal data on PSD by Robinson et al. [9] appeared, and January 1, 2014. Key words were 'stroke' AND 'depress' AND 'prospective longitudinal'. In case of multiple papers on the same project, only the main publication was selected for each study. The references of each study were checked for citations of further studies in this field. Studies were selected if they fulfilled the following criteria: (a) an initial sample of at least 80 stroke patients included in the study, (b) ≥ 2 assessments of depression within the first 2 years after stroke, and (c) reporting the rates of stroke patients that fulfilled clinical consensus criteria of depression (ICD-10; DSM-IV) or ranged above a commonly accepted cutoff in a depression questionnaire. Studies that reported group means in depression questionnaires without distinguishing between subclinical symptoms and depressive disorder were not included. Ten prospective longitudinal studies fulfilled these criteria for PSD [8, 9, 13, [15] [16] [17] [18] [19] [20] [21] . The rates of patients classified as depressive were pooled and averaged across studies, so that the resulting mean rates were weighted according to the sample size. A total of 2,641 patients were considered in this review. The resulting mean of depression rates showed a biphasic pattern, with a rise in depressive symptoms within the first 6 months after stroke, which drops slightly around 12 months, and rises again within the second year after stroke ( fig. 2 ).
It should be noted that our overview of studies is exploratory and limited in several aspects. First, most of the considered studies are hospital-or rehabilitation-based rather than community-based. Thus, they may be selective, as not all stroke patients may be treated in institutions, and as depression may be assessed relatively late in the course of the disease [22] . As a further aspect of selectivity, which is very common in studies on PSD, patients with aphasia might be underrepresented, as the questionnaires used here were all based on verbal reports.
Our review is further limited by large methodological variations between the studies. Although we attempted to control for different sample sizes by weighting the mean PSD rates, the employed diagnostic procedures also varied largely. In addition, the initial sample sizes were not overly large, i.e. around 100 in most of the studies, and further diminished in the course of the study due to high comorbidity, mortality, and a shift of living conditions in stroke patients, resulting in dropout rates of around 30% per year. Moreover, only one of the reviewed studies [17] reported depression rates at 18 months after stroke. Thus, the decrease in prevalence rates from nearly 30% at 12 months to <20% at 18 months relies on restricted data. However, even if disregarding the 18 months' data point, there is a slight decline in prevalence rates between 6 and 12 months based on multiple large studies. However, this trend does not continue to decrease until 24 months after stroke, but is, even without the 18 months' data point, compatible with the view that a second cluster of risk factors may increase prevalence rates during the second year after stroke. Despite these limitations, it is notable that the overall pattern emerging from these studies is biphasic, with a second rise in the second year after stroke, which may reflect problems of adjustment as proposed by Herrmann and Wallesch [14] .
Risk Factors for PSD
To explore the pathogenesis of PSD, a large number of potential risk factors have been examined over the past 30 years. Demographic, stroke-related, premorbid, psychosocial, and neurobiological factors were investigated for associations with PSD. Reviewing the existing literature, Hackett and Anderson [1] counted no less than 87 investigated predictors. They identified 4 major variables that had been investigated in at least 5 studies and consistently proved to be predictors of later depression: physical disability, stroke severity, cognitive impairment, and psychosocial factors, such as social support after stroke. Evidence regarding demographic variables, such as older age and female gender, was divided at that point in time.
Regarding the pathogenetic models of PSD, Hackett and Anderson [1] found that most studies provided rather explanatory than predictive models. Concluding that no reliable data were available to allow an easy identification of patients with depression after stroke, they emphasized the importance of predictive models, which permit to estimate the risk of later depression on the basis of acute or postacute variables. Finally, they recommended additional research in this area, 'not only in terms of increasing our understanding of etiological risk factors for depression in the setting of stroke but also in advancing health care delivery to improve stroke rehabilitation outcomes' [1] .
Since then, several longitudinal studies have been published, such as the large Italian DESTRO study [23] , reactualizing the importance of the female gender, the history of depression, and the history of stroke as risk factors, and the Sydney Study [24] , emphasizing the importance of apathy. Also, as an interesting and rarely considered factor, Storor and Byrne [25] revealed that premorbid personality affected the risk of PSD.
Demographic Risk Factors
The impact of demographic risk factors on PSD is controversial and may be less pronounced than in other mental diseases. The female gender, although examined in most studies, was sometimes identified as a risk factor, but rather than being clearly related to PSD, it was linked to depressive disorders in general. Age <65 years was by some, but not all, studies identified as a predictor of PSD, a finding which was explained by differences in the occupational status, as younger people's lives might be more affected than that of retired patients [10] . This explanation, together with the varying pattern found in the literature, suggests that demographic factors might not act as independent predictors, but as mediators for other risk factors [9] .
Premorbid Risk Factors
Several premorbid health conditions, such as a history of depressive disorder as well as a history of stroke or cardiovascular disease, are well-established risk factors for PSD [26] . Others, such as personality and coping skills [27] or premorbid neurobiological risk factors, are often recommended for future research [28] , but are not yet fully understood.
Stroke-Related Risk Factors
Stroke-related factors include all factors directly related to cerebral damage caused by the ischemic or hemorrhagic event. There is no evidence of a significant influence of the stroke type. Location of the lesion in terms of the hemisphere in which the stroke occurred has been controversially discussed. While initial research on PSD reported evidence of a higher PSD risk in left-hemisphere stroke [9] , this has not been supported by the majority of studies according to more recent large-scale reviews [1] . It has been proposed that specific lesions such as the disruption of frontostriatal circuits may be associated with PSD [29] . To date, evidence for more specific hypotheses on lesion localization has been limited by methodological diversity across studies [22] .
Under the topic of 'stroke-related risk factors', many studies also subsume the degree of impairment, often estimated by impairments of activities of daily living, as well as cognitive impairment, language impairment, or neglect. Although these risk factors have often been addressed, their relationship with depression is far from definite [30] , which suggests the presence of mediators and moderators.
Psychosocial Risk Factors
Several psychosocial risk factors, such as the amount of social support perceived by the patient, might affect the level of depressive symptoms already in early phases after stroke [31] . Nevertheless, these factors might also predict PSD in later time periods, when reintegration into everyday life is relevant [26, 32] .
A Two-Phase Model of PSD Pathogenesis
Integrating the sequential evolvement hypothesis and the current knowledge about risk factors, we propose a two-phase model of PSD pathogenesis. As displayed in figure 3 , the model distinguishes between an early and a late period, in which depressive disorders likely emerge. In accordance with recent studies analyzing longitudinal data with hierarchical regression methods, the model postulates partly dissociable sets of risk factors for earlyand late-onset depressiveness. However, these factors are not grouped in a dualistic way. While the influence of stroke-related factors is not restricted to the first months after stroke, psychosocial factors may exert their influence not only in later phases [21, 33] but also within the first weeks after stroke [31] .
Regarding phase 1, early-onset depressiveness in the first weeks after stroke is, according to the literature, associated with stroke-related factors, such as functional impairments due to motor or language deficits. Our model additionally emphasizes the role of premorbid factors. Especially neurobiological factors, such as a preactivated stress system, and psychological premorbid factors, such as self-concept or self-efficacy beliefs, have often been proposed [26, 32, 34] but rarely considered in large longitudinal studies. Notably, early-onset depressiveness itself represents an important predictor of later, persisting depressive disorders [35] .
In phase 2, about 1 year after stroke, most patients have finished rehabilitation programs, but are typically still involved in a long-term reintegration process, and are probably confronted with their persisting impairments. Activity of daily living impairment is still a major determinant of depression in this late phase. However, the relationship with depression is seemingly not unitary, but mediated by coping skills and the degree of social integration [25] . Patients who experience their daily lives as stressful and find it difficult to adapt to their environment are at a higher risk of depression [36] .
Although our model as a whole is in line with the current knowledge on PSD risk factors, it does not reflect the findings of every study in the field. One obvious reason may be the large variation of the study samples, ranging from slightly impaired clients of outpatient wards to severely impaired patients in rehabilitation clinics. A further source of variance is the above-mentioned diversity of syndromes and impairments following stroke. Despite these limitations, it is remarkable that the above-reported pattern emerging from the literature is complemented by the clinicians' observation of a late 'second rise' of depression [17] , which seems less closely related to stroke severity than early-onset depressiveness [37] .
Implications of the Model
The primary aim of our two-phase model was to integrate the existing knowledge on the PSD risk factors in order to stimulate further longitudinal research and to provide a basis for the development of preventive and therapeutic strategies. In the following section, we will outline the most important implications for research and practice. First, with regard to prospective longitudinal research in general, there is a need for more studies involving large consecutive hospital-based sampling. Pure register-based studies may have been valuable in the past, but as the main groups of risk factors are well confirmed now, the time is ripe to generate hypothesis-driven designs with consecutive assessments. These assessments should include the supposed 'intermediate' phase between 6 and 18 months and long-term follow-ups of at least 2 years. The change of health care providers and the high rate of dropouts is a serious problem and should be combatted with any means, especially those developed in successful epidemiological research.
Second, as formulated by a recent review on the predictors of depression after stroke [21] , the proposed sets of risk factors should be validated by regression-based statistical methodology [33] . These methods require large longitudinal data sets, but with refined methodology, the stroke-and age-typical variability is not limited by multiple selection criteria to the same extent [38] , but can be statistically controlled by carefully selected and standardized descriptive parameters, such as scales measuring initial stroke severity. Third, parameters of premorbid neurobiological and self-concept-related risk factors as well as indicators of patient-environmental fit, often proposed as promising candidates, should be further explored. Together with these research activities, our model may contribute to proceed from accumulating findings on relevant risk factors towards the identification of time-bound sets of risk factors, which may interact with each other. Specific combinations of risk factors may be linked to PSD exacerbation in different time windows.
Knowledge of these predictor sets may allow for better targeting of interventions for preventing, treating and managing depression after stroke. For example, a past history of depression, one of the well-confirmed premorbid factors in the model, should be part of the routine assessment in acute neurology, in the same way as a history of prior strokes or transitory ischemic attacks. Another premorbid factor, i.e. self-concept and coping strategies, suffers from heterogeneity and limited availability of economical standardized assessment tools. Such measures should be developed. Their results, for example a preference for a certain way of coping, can be documented in the reports handed over to postacute or ambulant treatment.
In phase 1, further preventive strategies should be established. First, as depressive symptoms have proven to be predictive of later depressive disorders [39] , these depressive symptoms should be assessed and documented. Special attention should be given to the assessment of aphasic patients in this context [40] . The finding that the self-perceived degree of social support and satisfaction with care seems to already be crucial in this phase [41] should be incorporated in the education of health professionals and in the counseling of caregivers and relatives. Also, there is an urgent need for intervention studies with pharmacological or nonpharmacological agents. Notably, although in depression without stroke it is the combination of both strategies that has proven most promising, there are no studies on combination therapy in PSD. The recent increased prescription of selective serotonin reuptake inhibitors in stroke is based on a study indicating better rehabilitation results in medicated stroke patients [42] , but the mechanisms of this effect are not yet understood, and unwarranted bi-effects of antidepressants in nondepressive stroke patients are underexplored.
Finally, in phase 2 ambulant therapy, integration is the central topic. More studies including at least 2-year follow-ups should be conducted. Similar to research on resilience, predictors of successful reintegration and successful prevention of PSD should be explored, in addition to examining those patients suffering from PSD.
